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(54) Title: ORTHOPAEDIC DEMONSTRATION AID 



o 




(57) Abstract: An orthopaedic skeletal joint demonstration aid (1) is provided for demonstrating surgical orthopaedic techniques 
and comprises first and second joint portions (11. 12) capable of being manipulated relative to one another to mimic the action of a 
skeletal joint. The first joint portion (1 1) is detachably secured to one end of an elongate first shaft portion (2) to enable replacement 
of the first joint portion (1 1). Furthermore an adjustable holding mechanism (5) is provided for holding a part of the first shaft portion 
(2) remotely of said one end in a required position such that the first joint portion (11) is at the correct anatomical orientation for the 
purposes of the required surgical orthopaedic procedure. The holding mechanism (5) comprises an adjustable ball and socket joint 
and a locking mechanism for locking the ball and socket joint when the first shaft portion (2) is in the required position. In addition 
a foot plate (6) is provided for holding the second joint portion, and the second shaft portion (3) to which it is detachably cormected. 
in the required position. 
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"Orthopaedic Demonstration Aid" 

This invention relates to orthopaedic demonstration aids, and is concerned more 
particularly, but not exclusively, with orthopaedic skeletal joint demonstration aids for 
S demonstrating surgical orthopaedic techniques. 

Orthopaedic skeletal joint demonstration aids are known which consist of one or 
more facsimile human skeletal bones capable of demonstrating each stage of surgical 
alteration of the bone or bones in an orthopaedic technique to be demonstrated, 
10 including cutting of the bone and fitting of an orthopaedic prosthesis. 

British Patent No. 2264190 discloses an orthopaedic demonstration aid in the 
form of a facsimile of the human skeletal knee with full femur and tibia, excluding 
patella, connected together in the correct anatomical position. Each of the femur and 

15 tibia comprises a main portion and a number of detachable pieces connected to the main 
portion by magnetic attraction. These pieces may be separately detached from the main 
portions to show different stages of an orthopaedic implant technique, and to accqpt the 
correct orthopaedic prosthesis. Once the demonstration has been completed, the 
prosthesis can be removed and the detachable pieces reattached so as to place the aid in 

20 its origmal state, suitable for reuse. 

British Patent No. 2294573 discloses an orthopaedic demonstration aid in the 
form of a facsimile human skeletal bone haviag joint portions at opposite ends and an 
elongate hollow shaft intercoimecting the joint portions and having a canal extending 

25 therealong. The facsimile human skeletal bone comprises two separable component 
parts, each consisting of a respective one of the joint portions and respective portions of 
the shaft and canal detachably coimected together by a projection on one component 
part mgaging within a receiving recess in the other component part in such a maimer as 
to provide intercommunication between the canal portions within the two component 

30 parts. 
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However, in order to be able to mimic the natural kinematics of a skeletal bone, 
it is necessary to mimic its relationship With the main ligaments- Fnrfhennore 
orthopaedic techniques have now evolved to work in conjunction with image guided 
surgical computer software dealing with the Idnematics of the replacement prosthesis of 
5 the bone in relation to the rest of the human anatomy. There is a need for orthopaedic 
human skeletal demonstration aids capable of mimicking the kinematics of human 
skeletal bones. 

It is an object of the invention to provide an improved orthopaedic 
10 demonstration aid which is capable of numickiag the natural kinematics of the bone in 
the required maoner and which is particularly convenient in use. 

According to the present invention there is provided an orthopaedic 
demonstration aid for demonstrating surgical orthopaedic techniques, the aid 
comprising &st and second facsimile bone portions, an elongate first shaft portion to 
one end of which the first bone portion is secured, and adjustable holding means for 
holding a part of the first shaft portion remotely of said one end in a required position 
such that the first bone portion is at the correct anatomical orientation for the purposes 
of the required surgical orthopaedic procedure. 

In a preferred implementation the aid is an orthopaedic skeletal joint 
demonstration aid and the first and second facsimile bone portions are first and second 
joint portions capable of being manipulated relative to one another to mimic the action 
of a skeletal joint. However other implementations can also be envisaged in which the 
aid is to be used for demonstrating traxmia, in which a bone is broken or shattered, and 
the first and second bone portions are two portions of a facsimile fractured bone which 
require to be set in required positions relative to one another. 

Such an orthopaedic skeletal joint demonstration aid may be used to demonstrate 
30 surgical orthopaedic techniques in joint replacement or modification, such as in hip, 
knee, shoulder, spine, digit, wrist, elbow and anide replacement or modification, both 
for humans and animals. It may also be used in demonstrating power surgical tools and 



15 



20 



25 
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hand instruments, as well as in conjunction with image guided surgiqal computer 
software. The aid may serve to position the joint in the correct anatomical orientation 
so as to mimic the effect of the surgical technique being practiced on an actual patient. 

5 The invention also provides an orthopaedic joint demonstration aid for 

demonstrating surgical orthopaedic techniques, the aid comprising fbrst and second 
facsimile joint portions capable of being manipulated relative to one another to mimic 
the action of a skeletal joint, and adjustable facsimile ligament means securing tiie joint 
portions together, and preferably incorporating lateral portions resilientiy held under 

10 tension. 

Such an arrangement is particularly advantageous as it enables mimicking of the 
ligament balancing provided in an actual skeletal joint, so that the facsimile joint 
behaves in the same way as an actual skeletal joint during the required surgical 
15 procedures. 

The invention also provides an orthopaedic skeletal joint demonstration aid for 
demonstrating surgical orthopaedic techniques, the aid comprising first and second 
facsimile joint portions capable of being manipulated relative to one anotiier to mimic 
20 the action of a skeletal joint, and a patella portion overlying the junction between the 
first and second joint portions and held in position by ligament means. 

In addition the invention provides an orthopaedic skeletal joint demonstration 
aid for demonstrating surgical orthopaedic techniques, the aid comprising first and 
25 second facsimile joint portions positioned relative to one another to mimic the. action of 
a skeletal joint, and an elongate first shaft portion to one end of which the first joiat 
portion is detachably secured by a connector part engaging withia a receiving passage in 
the first shaft portion in such a maimer as to resist axial rotation of the fibrst joint portion 
relative to the fibrst shaft portioiL 

30 

In addition the invention provides an orthopaedic skeletal joint demonstration 
aid for demonstrating surgical orthopaedic techniques, the aid comprising at least one 
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fELcsimile joint portioxi, an elongate shaft portion to one end of whicli the joint portion is 
secured, facsimile ligament means comiected to the joint portion, and quick release 
means for releasing the joint portion and the ligament means from the shaft portion 
when the joint portion and the Ugament means are to he replaced for a new surgical 
5 orthopaedic procedure. 

In addition the invention provides an orthopaedic demonstration aid for 
demonstrating surgical orthopaedic techniques, the aid comprising at least one facsimile 
joint portion, and a facsimile skin portion overlying the joint portion. 

10 

In order that the invention may he more fully understood, a preferred 
orthopaedic skeletal joint demonstration aid in accordance with the invention will now 
he described, by way of example, with reference to the accompanying drawings, in 
which: 

15 

Figure 1 is a perspective view of the aid in a demonstration position with a 
facsimile skin portion removed; 

Figure 2 is a view from above of the aid of Figure 1 in a relaxed position with 
20 the facsimile skin portion in place; 

Figure 3 is a detailed view of the arrangement for tensioning the ligament in the 
aid of Figure 1; 

25 Figure 4 is a side view of part of the aid of Figure 1 showing the ligament 

tensioning arrangement; 

Figure 5 is a perspective view of another part of the aid of Figure 1 shown in 
disassembled condition and with a cover portion removed; 

30 

Figure 6 is a perspective view of the joint portions and patella portion of the aid 
of Figure 1 in disassembled condition; 
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Figure 7 is a perspective view of a clamp of the aid of Figure 1 ; 

Figure 8 is a perspective view of the holding portion of the aid of Figure 1 in 
S disassembled condition. 

The orthopaedic skeletal joint demonstration aid to be described below with 
reference to the drawings is a facsimile human leg having both portions mimicking the 
humaa knee joint and portions mimicking the form of the hu3nan thigh, calf and foot. 
10 However, the invention is also applicable to a wide range of other forms of orthopaedic 
skeletal joint demonstration aid, including aids incorporating only portions mimicking 
parts of the skeleton, and aids naimicking hip, elbow, shoulder, spine and other joints. 

. Referring to Figure 1 the aid 1 comprises a facsimile human thigh portion 2, a 

15 facsimile human calf portion 3 and a facsimile human foot portion 4, as well as a 
holding mechanism 5 and a foot plate 6 provided for holding the thigh portion 2 and the 
calf portion 3 in the required relative positions mimicking the correct anatomical 
orientation for the purposes of the required surgical orthopaedic procedure. As will be 
described more fully below the holding mechanism 5 is capable of being locked in 

20 position so as to orientate the thigh portion 2 at the required angle, and Ihe foot portion 
4 is provided with two outwardly extending pegs 7 (one projecting from each of the 
sides of the heel) capable of being engaged in one of a series of receiving notches 8 in 
the foot plate 6 to orientate the calf portion 3 at the required angle (each notch 
corresponding to a different angle, e.g. 90 degrees, 110 degrees, 125 degrees, etc.). The 

25 foot plate 6 is provided with a screw clamp 9 by means of which it may be detachably 
secured to an operating smface. Although not shown in the figures, the foot plate 6 is 
connected to the holding mechanism 5 by a predetermined length of cord such that the 
foot plate 6 is spaced from the holding mechanism 5 by the required distance if the foot 
plate 6 is positioned such that the cord is taut prior to fixing of the foot plate 6. This 

30 ensures that the calf portion 3 is held at the required angles when engaged with the 
receiving notches 8. The aid 1 also comprises a facsimile knee joint 10 consisting of a 
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first (femiar) joint portion 11, a second (tibia) joint portion 12, a facsimile patella 
portion 13 and a facsimile ligament portion 14. 



Figure 2 shows the aid 1 firom above with the foot portion 4 detached from the 
5 foot plate 6, and with a detachable facsimile soft tissue (or skin) portion 15 in place so 
as to cover the knee joint. The facsimile soft tissue portion 15 is made of an 
inscissable siUcone material mimicking the properties of human soft tissue and can be 
left in position during a surgical procedure, includiag cutting such as to cut the soft 
tissue portion 15. Ih a variant embodiment the soft tissue portion may be precut at the 
10 location in which surgical cutting is required. 



So far as the demonstration of surgical techniques is concerned, the most 
important part of the aid is the knee portion 10, and this is shown in disassembled 
condition in Figure 6 firom which it wiU be seen that the first and second joint portions 

15 11, 12 mimic the form of the joints of the human femur and tibia and have square- 
section comiecting parts 17 and 18 adapted to detachably engage within receiving 
square-section passages in aluminium box-section shaft members of the thigh portion 2 
and the calf portion 3. Each of the thigh portion 2 and the calf portion 3 is made up of 
several premoulded parts indicative of the soft tissue (or subdennal layer) that are 

20 detachably coimected to the associated shaft member. Furthermore the facsimile 
hgament portion 14 is in the form of a continuous loop of cord passing through a cross- 
passage 19 in tho second joint portion 12 and two symmetric passages 20 in the first 
joint portion 11 such that the two ends 21 and 22 of the Hgament portion 14 pass 
through a central canal within the connector 17 to enable them to be coimected to a 

25 tensioning arrangement after passing through a canal within the shaft member of the 
thigh portion, as will be described in more detail below. The patella portion 13 is held 
in place by a further hgament portion 23 in the form of a closed loop of cord passing 
through symmetric passages 24 in the patella portion 13 and having its ends glued 
within passages 25 in a tibial tuberosity of the second joint portion 12. The ligament 

30 portions 14 and 23 are each glued within the passages in the second joint portion 12 and 
the patella portion 13 (but not within the passages 20 in the first joint portion 1 1). 
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The manner in which the ligament portions 14 and 23 are tensioned will now be 
described with reference to Figures 3 and 4. As best seen in Figure 4, the second joint 
portion 11 is detachably connected to the thigh portion 2 (shown in this figure with an 
upper cover part removed) by the coimector part 17 engaging within the square-section 
5 shaJft member 30 of the thigh portion. The shaft member 30 is provided with side 
windows 31 by means of which the ends 21 and 22 of the ligament portion 14 may pass 
laterally out of the shaft member 30 to engage with the tensioning mechanism 
coirQ)rising two adjusting screws 32 and 33 having milled adjusting heads and 
extending through two angled flanges 34 and 35 (to permit proper drawing of the 

10 ligament portion ends) connected to the shaft member 30. The ligament portion ends 21 
and 22 are provided with ferrules which are detachably connectable to receiving parts 
36 and 37 on the ends of the screws 32 and 33. The connecting parts 36 and 37 are 
maintained under spring tension so as to enable each ferrule to be hooked into the 
appropriate part from the side Avith the part compressed against the spring force and for 

15 the ferrule to be positively engaged to tension the ligament portion 14 after the part has 
been released 

The tensioning screws 32 and 33 may be turned to adjust the tension applied to 
each of the ends 21 and 22 so that the tension of each part can be independently 

20 adjusted to maintain the knee joint perfectly balanced with the same gap on either side 
of the joint both when the knee is in flexion and in extension (straight). The trimming 
of the knee ligaments (by partial cutting) in a surgical procedure may therefore be 
simulated by appropriate adjustment of the tensioning screws 32 and 33. It will be 
appreciated that the connection of the ligament portion ends 21 and 22 to the tensioning 

25 screws 32 and 33 provides a quick-release mechanism by which the Ugament portion 14 
may be released to enable the knee joint to be removed from the aid after completion of 
a surgical procedure and replaced by a fresh knee joint. It is also important that the 
tensioning should allow sufficient resilience to permit a small amount of medial and 
lateral flexing of the knee joint. In an alternative airangement the ligament portion ends 

30 21 and 22 are connected to the tCTusioning screws 32 and 33 by tumbuckle connectors 
which are adjustable by turning of the tumbuckle connectors. In this case the resilience 
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is imparted to the ligament portion by separate springs provided at ligament portion 
ends. 

Also shown in Figures 3 and 4 is a spring 38 for tensioning the ligament portion 
5 23 in the correct way for positioning of the patella 13, although ligament portion 23 is 
not shown comected to this spring 38 in the figures. Although not shown in the figures, 
the firee loop of the ligament portion 23 passes through a passage in the thigjh portion 
and is engaged with the end of the spring 38 so as to provide the correct anatomical 
positioning of the patella portion 13 in relation to the femur and the tibia. 



In a variant the patella portion is cast onto a piece of fabric that is folded 
together and stitched along the seam. The piece of fabric is arranged to match the width 
and flexibility of the actual patella ligament and is relatively rigid, so that it acts 
correctly when rotated laterally to the side of the knee joint to reveal the distal femur 
15 condiles and the proximal tibia plateau. A first buttonhole is stitched in the fabric for 
engagement by a hook connected to the spring 38, and a second buttonhole is stitched in 
the fabric for engagement by a self tapping screw screwed into a recess in the second 
joint portion just above tiie tibial tuberosity so that it is flush fitting on the surface of the 
bone. 



Figure 5 shows the coimection of the second joint portion 12 to the calf portion 3 
by engagement of the cotmector 18 within a square-section passage in the shaft member 
of the calf portion 3 (the connector 18 being shown not yet fully pushed into the end of 
the receiving passage). 



The calf portion 3 includes connecting nipples 40 symmetrically positioned on 
either side of the calf portion 3 for engaging within corresponding recesses in the soft 
tissue portion 15 (see Figure 2) so as to securely hold the soft tissue portion 15 in 
position by means of a cover portion 41 screwed to the calf portion 3 as shown in Figure 
30 2. The soft tissue portion 15 is thereby securely attached to the calf portion 3 by being 
trapped between the cover portion 41 and the calf portion 3. Although not shown in the 
figures a similar arrangement may be utilised for connecting the soft tissue portion 15 to 



10 



20 



25 
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the thigh portion 2, the detachable cover being shown at 42 in Figure 2. These 
connection arrangements enable tihie soft tissue portion 15 to be held under tension over 
the knee joint so as to mimic the flexing of the skin as the knee joint is bent. 

As may be seen in Figure 1, the holding mechanism 5 incorporates a screw 
clamp 44 for detachably attaching the holding mechanism 5 to an operating surface. 
Figure 7 shows the screw clamp 44 including the adjusting screw 45 by means of which 
the clamp 44 may be secured to the operating surface in a known manner. The screw 
clamp 44 is connected to a plate 46 of the holding mechanism 5 that is shown in a 
disassembled state in Figure 8. As best seen in Figure 8 the holding mechanism also 
includes a locking assembly 47 connected on one side to the plate 46 and on the other 
side to a hip portion 48 attached to the end of the shaft member 30. The connection of 
the plate 46 to the hip portion 48 is by means of a ball 49 held within a receiving socket 
between two plates 50 and 51 that are capable of being moved together and apart by a 
locking lever 52. When the locking lev^ 52 is in a released position the plates 50 and 
51 are held apart sufficiently to enable the ball 49 to be rotated within the socket to 
permit adjustment of the position of the shaft member 30. However, when the locking 
lever 52 is moved into in a locking position the plates 50 and 51 are compressed against 
the ball 49 in such a manner as to prevent the ball 49 JBrom being rotated within the 
socket so that the shaft member 30 is locked in position. The hip portion 48 is 
connected to the ball 49 at a compound angle such that the thigh portion is held at the 
correct anatomical angle in two mutually perpendicular planes, that is at approximately 
135 degrees on one plane and at approximately 15 degrees in the other plane relative to 
the pelvis. This ensures the correct aligmnent in the aid of the anatomical axes of both 
the femur and the tibia relative to the mechanical axis passing through the hip and knee 
joints. 

It will be appreciated that various modifications of the above-described 
demonstration aid are possible to adapt it for demonstration of particular surgical 
orthopaedic techniques, and, in each case, the aid may be in the form of a facsimile of 
one or more bones or a portion of one or more bones. For example, in addition to the 
arrangement described above for teosioning the facsimile collateral ligaments, a similar 
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but sq)arate arrangement may be provided for tensioning facsimile cruciate ligaments 
provided on the inside of the knee joint. The aid may also be used to demonstrate other 
types of surgical technique, for example a hip replacement operation. 



wo 2004/0d4010 
CXAEMS: 

L An orthopaedic demonstxation aid for demonstratiag siirgical orthopaedic 
techniques, the aid comprising JBrst and second facsimile bone portions, an elongate first 
5 shaft portion to one end of which the first bone portion is secxired, and adjustable 

holding means for holding a part of the first shaft portion remotely of said one end in a 
required position such that the first bone portion is at the correct anatomical orientation 
for the purposes of the required surgical orthopaedic procedure. 

10 2. An aid as claimed in claim 1, wherein the first and second facsimile bone 

portions are first and second joint portions capable of being manipulated relative to one 
another to mimic the action of a skeletal joint 

3. An aid as claimed in claim 1 or 2, wherein the holding means comprises an 
15 adjustable ball and socket joint and a lockiag mechanism for locking the ball and socket 

joint when the first shaft portion is in the required position, 

4. An aid as claimed in claim 1, 2 or 3, wherein the first bone portion is detachably 
secured to the first shaft portion to enable replacement of the first bone portion. 

20 

5. An aid as claimed in claim 1, 2, 3 or 4, wherein an elongate second shaft portion 
is provided to one end of which the second bone portion is detachably secured. 

6. An aid as claimed in claim 5, wherein the first shaft portion has the form of an 
25 upper leg and the second shaft portion has the form of a lower leg and foot 

7. An aid as claimed in claim 5 or 6, wherein releasable securing means is provided 
for holding a part of the second shaft portion remotely of said one end in a reqxiired 
position such that the second bone portion is at the correct anatomical orientation for the 

30 piuposes of the required surgical orthopaedic procedure. 
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8. Aa aid as claimed in claim 7, wherein the releasable securing means comprises a 
foot plate for releasable attachmeat to a fixed support and detachable connection means 
for connecting said part of the second shaft portion to the foot plate, the detachable 
connection means compriing a series of connection points spaced apart on the foot plate 

5 to which said part of the second shaft portion is selectively coimectable. 

9. An orthopaedic skeletal joint demonstration aid for demonstrating surgical 
orthopaedic techniques, the aid comprising first and second facsimile joint portions 
capable of being manipulated relative to one another to mimic the action of a skeletal 

10 joint, and adjustable facsimile ligament means securing the joint portions together. 

10. An aid as claimed in claim 9, wherein the Ugament means has lateral portions 
resiUently held imder tension. 



15 11. An aid as claimed in claim 10, wherein adjustable tensioning means are 
provided to which the lateral portions are releasably attachable. 

12. An aid as claimed in claim 1 1, wherein the tensioning means comprises at least 
one adjusting screw threaded through a support flange and having an end part to which 

20 . one of the lateral portions is releasably attachable. 

13. An aid as claimed in any one of clainGis 9 to 12, wherein the Hgament means 
extends through passages in the first and second joint portions. 



25 14. An aid as claimed in claim 13, wherein the ligament means forms a continuous 
loop extending through a passage in tiie second joint portion and having lateral portions 
extending through respective passages in the first joint portion into a central duct 
opening outwardly of the first joint portion. 



30 



1 S. An orthopaedic skeletal joint demonstration aid for demonstrating surgical 
orthopaedic techniques, the aid comprising first and second facsimile joint portions 
capable of being manipulated relative to one another to mimic the action of a skeletal 
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joint, and a patella portion overlying the junction between the first and second joint 
portions and held in position by ligament means. 

16. An aid as claimed in claim 15, wherein the ligament means is resiliently held 
5 under tension by spring means. 

17. An orthopaedic skeletal joint demonstration aid for demonstrating surgical 
orthopaedic techniques, the aid comprising first and second facsimile joint portions 
positioned relative to one another to mimic the action of a skeletal joint, and an elongate 

0 first shaft portion to one end of which the first joint portion is detachably secured by a 
connector part engaging within a receiving passage in the first shaft portion in such a 
manner as to resist axial rotation of the first joint portion relative to the first shaft 
portion. 

5 18. An aid as claimed in claim 17, wherein an elongate second shaft portion is 
provided to one end of which the second joint portion is detachably secured by a 
coimector part engaging withia a receiving passage in the second shaft portion in such a 
maimer as to resist axial rotation of the second joint portion relative to the second shaft 
portion. 

0 

19. An orthopaedic skeletal joint demonstration aid for demonstrating surgical 
orthopaedic techniques, title aid comprising at least one facsimile joint portion, an 
elongate shaft portion to one end of which the joint portion is secured, facsimile 
ligament means coimected to the joint portior^ and quick release means for releasing the 

5 joint portion and the ligam^t means firom the shaft portion when the j oint portion and 
the hgament means are to be replaced for a new surgical orthopaedic procedure. 

20. An orthopaedic demonstration aid for demonstrating surgical orthopaedic 
techniques, the aid comprising at least one facsimile joint portion, and a facsimile soft 

0 tissue portion overlying the joint portion. 
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21 . An aid as claimed in claim 20, wherein the soft tissue portion is held in tension 
over the joint portion. 

22. An aid as claimed in claim 20 or 21, wherein the soft tissue portion is detachably 
5 attached to the aid to permit it to be replaced. 
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